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57 ABSTRACT 

A Hamming neural network circuit is provided with N 
binary inputs and M exemplar template outputs, and has a 
template matching calculation subnet and a winner-take-all 
subnet. The template matching calculation subnet includes 
M first neurons in which M exemplar templates are stored 
respectively. Each first neuron includes N pull-up and pull 
down transistor pairs connected in parallel with each other, 
and connected to and controlled by the N binary inputs, 
respectively, so that the M first neurons generate M template 
matching signals depending on the matching degrees 
between the N binary inputs and the M exemplar templates. 
The winner-take-all subnet includes M second neurons, each 
having a template competition node, a load element con 
nected between a power source and the template competition 
node, and a competition circuit connected between the 
template competition node and ground. The M template 
competition nodes are connected to the M template match 
ing signals respectively for generating the M exemplar 
template outputs. The competition circuit of each second 
neuron includes M-1 parallel-connected transistors con 
trolled respectively by the template competition nodes of all 
second neurons except the template competition node of 
itself so that the template competition node connecting with 
the largest template matching signal is eventually at a 
relatively high voltage level, and the other template com 
petition nodes are at a relatively low voltage level, after 
competition. 

5 Claims, 5 Drawing Sheets 

  



5,630,021 Sheet 1 of 5 May 13, 1997 U.S. Patent 

  



U.S. Patent May 13, 1997 Sheet 2 of 5 5,630,021 

FIG. 2d FIG. 2b 

FIG. 2C FIG. 2d 

  

  



U.S. Patent May 13, 1997 Sheet 3 of 5 5,630,021 

w 

FIG. 2e 

  



U.S. Patent May 13, 1997 Sheet 4 of 5 5,630,021 

500 

400 

3OO 

200 

100 

O 
1.5 2.0 2.5 5.0 3.5 4.0 4.5 

Voltage (v) 

FIG. 30 

400 

350 

300 

250 

200 

150 

1 OO 

O 
10 15 2.O 2.5 3.0 55 4 O 4.5 

Voltage (v) 

FIG. 3b 

  



U.S. Patent May 13, 1997 Sheet 5 of 5 5,630,021 

1 OOO 

800 

6OO 

400 

2OO 
2.5 3.O 3.5 4.0 4.5 50 

Voltage (v) 

FIG. BC 

—T — 

FIG. 4 

  



5,630,021 
1 

HAMMING NEURAL NETWORK CRCUIT 
BACKGROUND OF THE INVENTION 

The present invention relates to a Hamming neural net 
work circuit, and more particularly to an analog integrated 
circuit of a Hamming neural network which can be fabri 
cated in CMOS (Complementary-Metal-Oxide 
Semiconductor) technology, 

Artificial neural network models have been studied for 
many years in the hope of achieving human-like perfor 
mance in the fields of speech and image recognition. Now 
the main research method in this field is still using software 
to simulate some models or realize some algorithms. 
Although this research method can solve many problems, it 
is not suitable for some applications requiring real-time 
processing such as some image and speech recognition 
applications. The modern VLSI (Very-Large-Scale 
Integration) technology has made it possible to fabricate 
more practicable artificial neural network chip. Using digital 
logic circuit can not realize really full parallel processing. 
The artificial neural network realized by analog integrated 
circuit have full parallel processing capability and other 
inherent advantages of biological neural networks. 
The literature "An Introduction to Computing with Neural 

Nets", Richard P. Lippmann, IEEE ASSP Magazine, pp. 
4-22, April, 1987, provides an introduction to the field of 
artificial neural networks by reviewing six important neural 
network models that can be used for pattern classification. 
As described in Lippmann's literature, these networks are 
highly parallel building blocks that illustrate neural-network 
components and design principles and can be used to 
construct more complex systems. One of the six neural 
network models is the Hamming network which is a neural 
networkimplementation of the optimum classifier forbinary 
patterns corrupted by random noise. The structural model of 
a feed-forward Hamming network maximum likelihood 
classifier for binary inputs corrupted by noise is described in 
FIG. 6 of Lippmann's literature. The Hamming network is 
a two-layer network, and implements the optimum mini 
mum error classifier when bit errors are random and inde 
pendent. The lower subnet shown in Lippmann's FIG. 6 
calculates N minus the Hamming distance to M exemplar 
patterns. The upper MAXNET subnet selects that node with 
the maximum output. All nodes use threshold-logic nonlin 
earities where it is assumed that the outputs of these non 
linearities never saturate. 
The operation of the Hamming network is described in 

Box 2 of Lippmann's literature. Weights and thresholds are 
first set in the lower subnet such that the matching scores 
generated by the outputs of the middle nodes of FIG. 6 are 
equal to N minus the Hamming distance to the exemplar 
patterns. These matching scores will range from 0 to the 
number of elements in the input (N) and are highest for those 
nodes corresponding to classes with exemplars that best 
match the input. Thresholds and weights in the MAXNET 
subnet are fixed. All thresholds are set to zero and weights 
from each node to itself are 1. Weights between nodes are 
inhibitory with a value of -e where eC1/M. 

After weights and thresholds have been set, a binary 
pattern with N elements is presented at the bottom of the 
Hamming network. It must be presented long enough to 
allow the matching score outputs of the lower subnet to 
settle and initialize the output values of the MAXNET. The 
input is then removed and the MAXNET iterates until the 
output of only one node is positive. Classification is then 
complete and the selected class is that corresponding to the 
node with a positive output. 

O 

5 

20 

25 

30 

35 

45 

50 

55 

65 

2 
SUMMARY OF THE INVENTION 

The primary object of the present invention is to provide 
a Hamming neural network circuit which can realize the 
Hamming network model, and is very suitable for being 
fabricated in CMOS technology. 

In accordance with the present invention, a Hamming 
neural network circuit having N binary inputs and M exem 
plar template outputs, comprises: 

a template matching calculation subnet including M first 
neurons in which M exemplar templates are stored 
respectively, each first neuron being consisted of N 
pull-up and pull-down transistor pairs connected in 
parallel with each other, the N pull-up and pull-down 
transistor pairs of each first neuron being connected to 
and controlled by the N binary inputs, respectively, to 
operate in the nonsaturation region during a first time 
intervalso that the Mfirst neurons generate M template 
matching signals depending on the matching degrees 
between the N binary inputs and the M exemplar 
templates stored in the M first neurons; and 

a winner-take-all subnet including M second neurons, 
each having a template competition node, a load ele 
ment connected between a power source and the tem 
plate competition node, and a competition circuit con 
nected between the template competition node and 
ground; the M template competition nodes being con 
nected to the M template matching signals respectively 
during a second time interval for generating the M 
exemplar template outputs, and the competition circuit 
of each second neuron being consisted of M-1 parallel 
connected transistors controlled respectively by the 
template competition nodes of all second neurons 
except the template competition node of itself so that 
the template competition node connecting with the 
largest template matching signal is eventually at a 
relatively high voltage level, and the other template 
competition nodes are at a relatively low voltage level, 
after competition. 

According to one feature of the present invention, the M 
template competition nodes are connected with each other 
during the first time interval in order to balance their voltage 
levels before competition, and are disconnected from each 
other during the second time interval when competition 
proceeds. 

According to another feature of the present invention, the 
competition circuit of each second neuron further includes 
an additional parallel-connected transistor adapted to be 
controlled by an adjusting threshold voltage, and the winner 
take-all subnet further includes an additional second neuron 
acting as a threshold neuron. The template competition node 
of the threshold neuron is connected to the adjusting thresh 
old voltage during the second time interval, and the M 
parallel-connected transistors of the threshold neuron are 
controlled respectively by the template competition nodes of 
all other second neurons, so that all exemplar template 
outputs are eventually at the relatively low voltage level, 
after competition, if the adjusting threshold voltage is higher 
than the voltages of all template matching signals. 

According to further feature of the present invention, the 
threshold voltages of each pull-up and each pull-down 
transistors in the first neurons are individually preset 
depending upon the corresponding exemplar templates, and 
parts of the binary inputs are selectively inverted in each first 
neuron, depending upon its corresponding exemplar tem 
plate. The load elements in the second neurons are MOS 
transistors adapted to be controlled by a bias voltage. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
reference to the following description and accompanying 
drawings, which form an integral part of this application: 

FIG. 1 is a schematically electrical circuit diagram of a 
Hamming neural network according to one preferred 
embodiment of the present invention; 

FIGS. 2a through 2e illustrate five exemplar patterns or 
templates of Arabic numerals “0” to “4”, constructed by 70 
(7x10 array) binary pixels; 
FIGS.3a through 3cillustrate the experimental results for 

the Hamming neural network circuit shown in FIG. 1; and 
FIG. 4 illustrates atiming chart of two clock signals used 

in the Hamming neural network circuit of FIG. 1. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to FIG. 1, there is shown a Hamming 
neural network circuit suitable to be fabricated in CMOS 
technology, according to one preferred embodiment of the 
present invention. The Hamming neural network circuit 
includes a template matching calculation subnet consisted of 
M first neurons 10-1 through 10-m; and a winner-take-all 
subnet consisted of M second neurons 20-1 through 20-m 
and a threshold neuron 20T. The first neurons 10-1 through 
10-m are connected to the second neurons 20-1 through 
20-m via Mswitch circuits 40-1 through 40-m, respectively. 
The threshold neuron 20T is connected to a threshold 
voltage V via an additional switch circuit 40T. 
As known, the Hamming neural network circuit can be 

used for speech and image recognitions, and its inputs are 
binary signals. As shown in FIG. 1, the Hamming neural 
network circuit has N binary inputs x through x, and M 
exemplar template outputs V through V. The M exem 
plar templates or patterns can be determined and designed 
by statistics and analysis. Referring to FIG. 2, there is shown 
five exemplar templates or patterns of Arabic numerals “0” 
to “4” consisted of 7x10 array of binary pixels, i.e. white and 
black pixels, just for easy understanding of the present 
invention. In this case, the number N is 70, and the number 
M is 5. The white pixel may be represented by a logic “0” 
signal while the black pixel may be represented by a logic 
“1” signal. The unknown pattern containing 70 binary pixels 
is inputted into the Hamming neural network circuit via the 
binary inputs x through X, and the Hamming neural 
network circuit determines which one of the M exemplar 
templates is most representative of the unknown pattern by 
generating a logic “1” signal at the corresponding exemplar 
template output and a logic “0” signal at the other exemplar 
template outputs. 

Each first neuron 10-1-10-m includes N pull-up and 
pull-down transistor pairs connected in parallel with each 
other and between a power source V and ground. The N 
pull-up and pull-down transistor pairs of each first neuron 
10-1-10-m are controlled by the N binary inputs x through 
x respectively. In this embodiment of the present invention, 
the pull-up transistors are PMOS (P-channel Metal-Oxide 
Semiconductor) transistors, and the pull-down transistors 
are NMOS (N-channel MOS) transistors. The drain elec 
trodes of PMOS pull-up and NMOS pull-down transistors of 
each first neuron 10-1-10-m are connected together to 
generate a template matching signal V-V depending on 
the matching degree between the N binary inputs x through 
x and the corresponding exemplar template. After the 
exemplar templates are determined and designed, the M 
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4 
exemplar templates are "stored” in the M first neurons 
10-1-10-m respectively. The "storage” of the exemplar 
templates can be achieved by appropriately designing the 
threshold voltages of all pull-up and pull-down transistors in 
the corresponding first neurons so that the voltage levels of 
the template matching signals V-V are determined by 
the matching degrees between the N binary inputs x 
through x and the exemplar templates. Larger matching 
degree will cause larger template matching signal, and vice 
versa. If an input unknown pattern matches perfectly with an 
exemplar template stored in the corresponding first neuron, 
an maximum output voltage level V can be obtained at the 
corresponding template matching output. It should be under 
stood by those skilled in the art that all PMOS pull-up and 
NMOS pull-down transistor pairs are designed to operate in 
the nonsaturation region. Since the exemplar templates all 
contain white (e.g. represented by logic “0”) and black (e.g. 
represented by logic “1”) pixels, the expected logic “1” 
inputs in respective first neurons 10-1-10-m are connected 
to the pull-up and pull-down transistor pairs via inverters 12, 
as shown in FIG.1. As known in the art, the unknown binary 
pattern with N elements must be presented at the inputs 
X-X, long enough to allow the template matching signals 
V-V of the template matching calculation subnet to 
settle and initialize the exemplar template output values of 
the winner-take-all subnet. In this embodiment of the present 
invention, the unknown pattern is presented at the binary 
inputs during a first time interval () as shown in FIG. 4. 
The template matching signals V-V of the template 

matching calculation subnet are connected to the exemplar 
template outputs or template competition nodes V-V of 
the Winner-take-all subnet via M switch circuits 40-1 
through 40-m respectively, as shown in FIG.1. Each switch 
circuit 40-1-40-m, or 40-T includes a PMOS transistor and 
an NMOS transistor connected in paralled with each other. 
The PMOS transistors of the Switch circuits are controlled 
by a clock signald, and the NMOS transistors of the switch 
circuits are controlled by the clock signal (b. The clock 
signal () is shown in FIG. 4. The parallel-connected PMOS 
and NMOS transistors of the switch circuits 40-1 through 
40-m are used to eliminate the threshold voltage drop in 
order not to decrease the voltage levels of the template 
matching signals V-V because the template matching 
signals may be very small. During the second time interval 
(), the template matching signals are inputted into the 
winner-take-all subnet. 
The second neurons 20-1 through 20-m and the threshold 

neuron 20-T have the same circuit structure, and each 
includes a load element 22 connected between the power 
source V and the template competition node V-V, or 
V, and a competition circuit 24 connected between the 
template competition node V-V, or V, and ground. The 
load elements 22 may be PMOS transistors controlled by a 
bias voltage V to act as a resistance element. The compe 
tition circuits 24 all include MNMOS transistors connected 
in parallel with each other and controlled respectively by the 
template competition nodes V-V and V, of all second 
neurons 20-1 through 20-m and the threshold neuron 20-T 
except the template competition node of itself. 

During the second time interval (), the inputted template 
matching signals V through V and the threshold voltage 
V compete with each other in the winner-take-all subnet. 
After competition, the largest singal eventually becomes a 
relatively high voltage signal, and the other signals eventu 
ally become relatively low voltage signal. More specifically, 
suppose the voltage level of the template matching signal 
V1 is larger than those of the other template matching 
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signals and the threshold voltage. The NMOS transistors in 
the competition circuits 24 of the second neurons 20-2 
through 20-m and the threshold neuron 20-T which are 
controlled by the template matching signal V, are much 
turned on, and thus the voltage levels of the template 
competition nodes V-V and V, are pulled down. The 
NMOS transistors in the competition circuit 24 of the second 
neuron 20-1 which are controlled by the template competi 
tion nodes V-V and Vrespectively, are then more 
turned off, and thus the voltage level of the template 
competition node V is pulled up. Then, the voltage levels 
of the template competition nodes V-V and V, are 
further pulled down because the NMOS transistors con 
trolled by the template competition node V are more 
turned on. Eventually, the template competition nodes V is 
at a relatively high voltage level, for example near the power 
Source V, and the other template competition nodes 
V-V and V, are at a relatively low voltage level, for 
example near the ground. The Hamming neural network 
circuit of the present invention then determines that the 
unknown input pattern is the exemplar template or pattern 
stored in the first neuron 10-1. 
The threshold voltage V is adjustable, and is used to 

reject the recognition if the template matching signals V, 1 
through V are all smaller than the threshold voltage V. In 
this case, the template competition node V, is eventually at 
a relatively high voltage level, and the other template 
competition nodes V-V are eventually at a relatively 
low voltage level. The Hamming neural network circuit of 
the present invention then determines that a "no match” 
result occurs. 

Referring to FIG. 1, an NMOS balance/isolation transistor 
30 is connected between every two adjacent template com 
petition nodes V-V and V. The NMOS balance/ 
isolation transistors 30 are controlled by the clock signal () 
as shown in FIG. 4, and are used to balance the voltage 
levels of all template competition nodes V-V and V, 
during the first time interval (), i.e. before competition, and 
to isolate all template competition nodes V-V and V, 
from each other during the second time interval (), i.e. 
during competition. The period of time T shown in FIG. 4 
indicates one recognition cycle. 
The Hamming neural network circuit of the present 

invention has been implemented by single layer metal 
CMOS technology. In order to reduce the power dissipation, 
the gate length of the MOS transistors in the template 
matching calculation subnet are designed larger than the 
gate width. In one preferred embodiment, the PMOS tran 
sistors in the template matching calculation subnet have a 
gate length of about 20 microns, and a gate width of about 
15 microns. The NMOS transistors in the template matching 
calculation Subnet have a gate length of about 20 microns, 
and a gate width of about 10 microns. The gate length and 
width of the NMOS transistors in the winner-take-all subnet 
is about 5 microns and about 20 microns respectively. A 
CMOS inverter is further added to each exemplar template 
output to increase the driving capacity and avoid the effect 
of external load on the resolution accuracy of the winner 
take-all subnet. 
The operation speed of the template matching calculation 

subnet corresponds approximately the delay time of one 
logic gate. The speed and resolution accuracy of the whole 
Hamming neural network mainly depends on the winner 
take-all subnet, so the winner-take-all subnet is tested thor 
Oughly. 
The testing result shows that the resolution accuracy of 

the winner-take-all subnet can reach 20 mV. The operation 
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6 
speed strongly depends on the input voltage difference of the 
input terminals, the whole input voltage level, and the bias 
voltage V applied to the PMOS load transistors. The 
following testing result is for a three terminal network. 
Referring to FIG. 3a, the testing result shows that the 
convergence or competition time decreases approximately 
linearly with the increase of the input voltage difference. 
Referring to FIG. 3b, keeping the input voltage difference at 
a fixed value, the testing result shows that the convergence 
time decreases quickly with the increase of the whole input 
voltage level. Referring to FIG. 3c, the testing result shows 
that the convergence time decreases quickly with the reduc 
tion of the bias voltage V. The testing result of the winner 
take-all subnet with different number of input and output 
terminals also shows that the convergence time increases 
slowly with the increase of terminal number. The reason is 
that in the present circuit design the convergence time 
mainly depends on the output load other than the load in the 
network itself. 
Overview of the testing results gives the conclusion that 

the winner-take-all subnet has high resolution accuracy and 
can reach the convergence at least less than 200 ns. The 
resolution accuracy and convergence speed can be increased 
markedly if multiple layer metals, narrow line width 
technology, and multiple stage driving circuit are used. 

While the invention has been described in terms of what 
is presently considered to be the most practical and preferred 
embodiments, it is to be understood that the invention need 
not be limited to the disclosed embodiments. On the 
contrary, it is intended to cover various modifications and 
similar arrangements included within the spirit and scope of 
the appended claims, the scope of which should be accorded 
the broadest interpretation so as to encompass all such 
modifications and similar structures. 
What is claimed is: 
1. A Hamming neural network circuit having N binary 

inputs and M exemplar template outputs, comprising: 
a template matching calculation subnet including M first 

neurons in which M exemplar templates are stored 
respectively, each first neuron including N pull-up and 
pull-down transistor pairs connected in parallel with 
each other, said N pull-up and pull-down transistor 
pairs of each first neuron being connected to and 
controlled by said N binary inputs, respectively, so that 
said M first neurons generate M template matching 
signals depending on an amount of matching between 
said N binary inputs and said M exemplar templates 
stored in said M first neurons; and 

a winner-take-all subnet including M second neurons, 
each having a template competition node, a load ele 
ment connected between a power source and said 
template competition node, and a competition circuit 
connected between said template competition node and 
ground; said M template competition nodes being con 
nected to said M template matching signals respec 
tively for generating said Mexemplar template outputs, 
and said competition circuit of each second neuron 
including M-1 parallel-connected transistors con 
trolled respectively by said template competition nodes 
of all second neurons except the template competition 
node of itself so that the template competition node 
connecting with the largest template matching signal is 
established at a high voltage level, and the other 
template competition nodes are at a low voltage level 
relative to the high voltage level, after competition. 

2. The Hamming neural network circuit as claimed in 
claim 1, wherein said winner-take-all subnetfurther includes 
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means for connecting said M template competition nodes 
with each other in order to balance their voltage levels 
before competition, and means for disconnecting said M 
template competition nodes from each other when compe 
tition proceeds. 

3. The Hamming neural network circuit as claimed in 
claim 2, wherein said competition circuit of each second 
neuron further includes an additional parallel-connected 
transistor controlled by a predetermined threshold voltage, 
and wherein said winner-take-all Subnet further includes an 
additional second neuron acting as a threshold neuron, the 
template competition node of said threshold neuron being 
connected to said threshold voltage during competition, and 
the Mparallel-connected transistors of said threshold neuron 
being controlled respectively by the template competition 

10 

8 
nodes of all other second neurons, so that all exemplar 
template outputs are eventually at the low voltage level, after 
competition, if said threshold voltage is higher than the 
voltages of all template matching signals. 

4. The Hamming neural network as claimed in claim 3, 
wherein said template matching calculation subnet includes 
means for inverting selected ones of said binary inputs of 
each first neuron, depending upon the exemplar template of 
each first neuron. 

5. The Hamming neural network circuit as claimed in 
claim 4, wherein said load elements in said second neurons 
are MOS transistors controlled by a bias voltage. 
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